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INTRODUCTTON

Studies of the changin manner in which children

structure their experience have revealed three main changes

with age: changes in the number and the organization of at-

tributes used for classification, changes in tne type of at-

tributes used, and changes in the ability to define the com-

mon attributes of voupings.

In outlining the qualiative develop gent of intel-

lectual structures1 Piagat has givm the moat detailed

analysis of the steps by which a child acquires classifica-

tory skills (Plavllh 1963), From ages two to seven, chil-

dren. are limited in their uee of representation. They

utilize perceptual attrit,utes in ce,emorization and are un-

able tc consider more than ona salia.-nt feature of an object.

Momentary considerationq more thpn one attribute of an

object begin to appear in th.z! later .ars of thiri period of

preoperational thought. During the subperiod of concrete

operations (years $even to eleven), the child's representa-

tional processes become systematic arld tightly integrated,
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thus forming what Piaget designateo cognitive operations.

Using logico-mathematical structures as models of tht: actual

organization of cognitive structures, Piaget devised nine

distinct ngrcupings" of logical classes and relations which

appear during this period of middle childhood.

Sale combination of classes is described in Grouping

III: Bi-Univocal Multirlicetion of Classes. This grouping

involves defining a class which combines the relevant at-

tributes of two or more classes'. Piaget and /nhelder (1959)

have conducted a series of studies which require finding an

intersection or logical produet of several classes. An

example presented by Plavell 0.963) requires determaning a

picture to be placed at the intersection of a row of pictures

of differently colored leaves and a column of pictures of

green objects. The correct intersect must contain both

class attributes. Children at the level of concrete opera-

tions were able to solve this type of a matrix problem.

Both Kofvky (1966) and well Mitchell, and Everett

(1962) designed a syries of studies to replicate the findings

of Piaget and Infielder, Kofsky (1966) created 11 tasks to

correspond to the 11 steps posited by Flaget and Inhelder to

lead to the attainment of the concept of class inclusion.

In the task dealing with multiple class membership, a set of
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triangles varying in size and color (large or small and red

or green) were (A-esentbd to children rho were questioned to

determine their understanding that the blocks c.c.ad be

classified in more than one way. Although only 10% of the

four-year-olds passed this task, 60% of the six-year-olds

and 90% of the seven-year-olds were successful. Lovell,

Mitchell, and Everett (1962) asked children to partition 16

cards. Eight cards pictured rabbits running, four of which

rabbits were white and four of which were black, and eight

cards pictured rabbits sitting, four black and four white.

Correct performance required recognition of tho two dichoto-

mies, black versus white and sitting versus running. Cor-

rect partition was achieved by two of ten six-year-olds, by

five of ten seven-year-olds, and by all of the eight-year-

olds.

Other studies (Elkind, 1966; Goldman & Levine,

1963, Reichard, Schneider, & Rapaport, 1944; Thompson,

1941) tend to confirm Piagets description, showing increased

flexibility in thought and increased use or two or more di-

mensions simultaneously as a child becomes older.

bruner (1966) emphasizes the necessity fcr an ex-

planation of cognitive structures in terms of psychological

processes and offers three modes of representation of
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reality used at different periods of development. These

three types of representation--enactive, ikonic, and sym-

bolic--emphasize cocoon roles in action, common perceptual

attributes, and common class relslonships, respectively.

Olver and Hornsby (1966) studied the changes in representa-

tion by tracing the manner in which children define objects

as equivalent* They used both lists of words, in which each

word was successively more difTerent from the 0,1ceding

word, and a. group of pictures. Subjects were asked to tell

how each word was "alike" and "different from" the preceding

words and to group pictures which were the same." Both

stimuli yielded basically the same changes in attributes

determining equivalence. Perceptual attributes were domi-

nant at six years of age, but the use of functional attri-

butes increased until the children reached age nine. The

use of nominal grouping also increased steadily from 6% at

six yearn of age to 32 at eleven years of age.

A great many studies have used object-sorting tasks

in investigation of classificatory behavior (Goldman &

Levine, 1963; Heald & Marzelf, 1953; Reichard, Schneider,

& Rapaport, 194:q Sigel, 1953, 1954; Thompson, 1941) . All

have revealed a decrease in the use of perceptual or con-

crete categories aid an increase in the use of nominal or
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designative categories with age. The majority also show

the utilization of functional categories reaching a peak

between the periods of perceptual and destgnsttive (ikon*.

and symbolic) representation.

In addition to finding changing modes of representa-

tion, 01v6r and Hornsby (1966) found an increase with age in

the ability to correctly identify groupings. "Correct"

identification requires recognition of a common feature

characterifqng all items in the group. Several other in-

vestigators (Lee, 1965; Reichard, Schneider, & Rapaport,

1944; Sigel, 1953) have also found an increasing ability to

recognize relevant'attributes with increasing age.

Much of the literature concerned with the equiva-

lence of objec-,ts has tended to lead to the at least impli-

cit assumption that a child groups by perceptual. attributes

because he is unable to use class or functional categories.

Birch and Bortner (1966) used an object-matching task to

test their hypothesis that ''preferential responsiveness to

WO stimulus factors and not the failure to possess class and

cra functional categories underlies the failure of young chil-

dren to make categorical choices," Children between three

and ten years of age were asked to match one of three ob-

jects with an index object. In one condition matching on
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the 12asis of either stimulus similarity or function and

class membership was possible, while in the other condition

only functional or class properties could be used. In the

former condition the usual increase with age was found in

the use of class or flanctional categories, with asymptote

being reached in the third grade. However, in the latter

condition, even nursery school children matched correctly

more frequently than chance, and asymptote was reached in

the second grade. Thus although younger children seem to

prefer to use perceptual cues as t basis for classification,

they are capable of using functional and designative cues

when perceptual ems are not available.

Two questicna then arise from the findings that pre-

ferred bases of c.Ussification change with age and non-

preferred bases can be used, (1) At certain ages are chil-

dren able to confrUe certain combinations of perceptual,

functional, and denigytative concepts and not others?

(2) Will there '4e different errors caused by dominance of a

particular type of attribute at Offerent deveqopmental

levels? This problem can best be explored using an incom-

plete matrix task which requires the combination of two

class attrfOutea for the convergent production of one class.

The simultimeous consideration of a combination of any two
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of perceptual (concrete), functional, and designative attri-

butes can be investigated*

Correct solution of this type of matrix requires two

processes: identification of the relevant attribute of the

stimuli and convergent production of one class from to)

class attributes (requiring simultaneous consideratiol of

both attributes) in selection of one picture. AccordIng to

Guilford's factor analytic model of the "structure of the

intellect," six factors are involved in this task--ti ree in

defining or naming the class and three in the convergent

production of one class from two classes (Guilford, :.967).

The three factors involved in naming classes are:

1, Cognition of figural classes: selection of figures
which belong or do not belong with a class of
rigures.

2. Cognition of semantic classes; verbal classifica-
tion, word caassification, word group naming.

3. Convergent pr,ductton of cemantic units: raming of
classes or relations; this naming factor ca; ses

variance in coxnition of figural and semantic
classes.

Involved in the convergent praduction of a class we:

1. Convergent prodaction
of formed classes.

2, Convergent prodaction
of classes.

3. Convergent production
duction of classe$ of

of semantic units: defivition

of figural classes formation

of semantic classes: pro-
words or concepts.
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of perceptual (concrete), functional, and designative attri-

butes can be investigated,

Correct solution of this type of matrix requires two

processes: identification of the relevant attribute of the

stimuli and convergent production of one class from two

class attributes (requiring simultaneous consideratloi of

both attributes) in selection of one picture. AccordIng to

Guilford'a factor analytic model of the "structure of the

intellect," six factors are involved in this task--tiree t

defining or naming the class and three in the convergent

production of one class from two classes (Guilford, :967).

The three factors involved in naming classes are

1, Cognition of figural classes: selection of figures
which belong or do not belong with a class of
figures,

2, Cognition of semantic classes: verbal classifica-
tion, word 0.assification, word group naming.

3. Convergent preguction of ;e tic units: r. wing of
classes or relations; this naming factor czuses
variance in comition of figural and semantic
classes.

Involved in the convergent production of a class arse:

1. Convergent prodution
of formed classes,

20 Convergent prodaction
of classes,

3

of semantic units: defipitioll

of figural classes formation

, Convergent production of semantic classes: pro-
duction of classes of words or concepts,
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Correct performance on both of these tasks has been found to

increase with age.

In a pilot study an incomplete matrix task was used

to investigate the development of multiple classification.

Each of the 24 matrices consisted of three pictured objects

in a row which had a common attribute and three pictured ob-

jecta in a column which had a different common attribute.

Of four choices, one pictured an object having both attri-

butts and thus correctly filled the intersection of the row

and the column. Ten children in each of the first, second,

and third grades were administered the matrices, and a de-

creasing number of errors with increasing age was found. At

the time of matrix construction, various concepts were con-

sidered only as a means of varying matrix difficulty.

The purpose of the present study was:to investigate

changes with age in the identification and combination of

the common attributes of groups and to assess the Influence

of different attributes on this ability. An incomplete

matrix requiring combination of two concepts to correctly

fill a blank intersection was used, Six types of matrices

were constructed from the various combinations of designa-

tive, functional and perceptual concepts. The selection of

one of three pictures to fill the intersection, one picture



9

having both attributes and the other two having the attribute

of the row alone and the column alone, allowed assessment of

the type of error made.

The three main developmental trends previously dis-

cussed were expected to influence performance on this task.

These three developmental changes are: an increasing

ability to correctly identify the common attributes of group-

ings, an increasing ability to considep two attributes

simultaneously, and changes in the type of attributes which

determine equivalence groupings at different ages. The

first two changes were expected to result in an increased

number of correct completi4ns with age. The changes in

attributes used for grouping were expected to lead to errors

caused by selection of "dominant" cues gt certain ages with

a failure to consider the less dominant cues when both are

necessary for the correct seAution of matrices.
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METHOD

Nub sots

The Ss were 80 children, 20 from kindergarten and 20

from each of Grades 1, 2$0 and 3, obtained from University

School, an affiliate of Florida State University, Most Ss

were within plus'or minua four months of the mean age for

their grade level. Two kindergarten children were one month

below age, and two were two months below agee One first and

one second grader were one month over age. The mean ages

for kindorgarten and Graees 1, 2, and 3 were 6 years 1 month,

7 years 1 month, 8 years 1 months and 9 years, respectively.

Stimuli

.The stimuli were a serles of 42 incomplete matrices

formed by three cards in a column and three cards in a row

mefAing at a blank intenection. The six 3 x 3 inch cards

forming each matrix were pasted onto poster board, Three

cards representing choic);Is to fill the Intersection were

presented on a cardboard plaque be/cm and to the right of

10
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the matrices. On each of the cards was a simple line draw-

ing, except in the cases where color was a relevant attribute

and the drawings were colored with crayon. The entire ar-

rangement is diagrammed in Figure 1,

The three objects pictured in the row had a common

attribute and the three objects pictured in the column had

a different common attribute. Of the three choices, one

pictured an object having the attribute of the row

alone, one the common attribue of the column alone, and the

other the attributes of both the row and the column. Three

types of attributes were used in construction of the

matrices:

1. Concrete4 Grouping is based on the perceptually
dominant attributes of form, color, or identity.

Identity involves a group of the same objects, such

as three hats or three shells.

2. Functional. The objects all have a common use.

3. Designative. All objects belong to a common class

and are subsumed under a common class name,

Combinations of these three types of concepts yielded six

types of matrices: concrete x concrete (CC), functional x

functional (F?), designative x designative (DD), concrete x

functional (C?), concrete x designative (0), and functional

x designative (FD). The six matrices of each type and the

practice matrices are presented in the Appendix,
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Pig. 1. Diagram of matrix and choices.
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One each of concretes functional, and designative

concepts were used in practice matrices for instruction.

A stopwatch was used to measure latency of response. La-

tencies and choices were recorded on mimeographed record

forms,

Procedure

E accompanied S from the classroom to the testing

room, where both were seated before a table at right angles

to each others and talked with him briefly to establish rap-

port. A practice task was presented to each S for instruc-

tional purposes.

First, three pictures of objects perceptually alike

were placed before So S vas asked to name each picture and

then to tell how the pictures were alike, "All of these

pictures are alike in some way, How are they alike?" If 8

was incorrect or did not know, E told him. E ther, said:

"Here are three other pictures, One of these is like these

three. Choose the one like these three and put it with

them," Only one of the three pictures presented had the

same perceptual att7ibute as the three :Like pictures. if S

was tncorrect, E pointvi emt tlle correct pteture and ex-

plained why it wao corrects. This entire procedure was em-

ployed next using three pictures of objects with a common
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function and three choices, and, finally, using three pic-

tures of objects subsumed under a common clagis name and

three choices«

The three pictures with the same perceptual attribute

were then arranged in a row and the three pictures of ob-

jects with a common function in a column. The row and the

column met at a blank intervection. E said: "I'm going to

put these three pictures which are alike in a line here and

these three pictures which are alike in a line here. I'm

going to put three choices down here." Three pictures were

placed below and to the right of the matrix. Two of the

choices were those two pictures previously placed with the

two groups of like pictures; thus one picture had the attri-

bute of the row alone and tbe other the attribute of the

column alone. The third chcilce combined both attributes and

correctly filled the intersection. R said: "X want you to

pick the picture that goes pith both gros4s and put it in

this blank space, There iu one picture that goes with both

groups. Which one is it7° If S was incorrect or did not

make a choice, E asked him the common attributes of both the

row and the column and again asked which picture had both

attributes. E then pointed out the answer and explained

carefully the reason if S still could not choose the correct
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intersect. The stimuli were then arranged in the two re-

maining types of matrices (PA and CD), and the same procedure

was followed.

The experimental matrices were presented one at a

time, with the matrix and choices presented simultaneously.

E named each pficture. The choices were randomly arranged

for each S to avoid bias by position preference. The ma-

trices were randomized daily with the :following restriction,

There were six groups; of matricet4 and each group contained

one of each of the six types of matrices. Both the matrices

within each group and the order of presentation of the

groups were randomized each du.

The Ss were instructed to "find the picture that

goes with both groupas and place it in thQ blank space."

Both choice of picture and latency of response were recorded

for each matrix, After 12 and 2 matrices had been com-

pleted, one of the practice matrices was pxesented again,

and E said: "Now we're going to review wiv,t you are sup-

posed to do, Each picture in this line is nlike in some

way, and each picture in this line is alike in some way. /

want you to find the picture which is like ti)th groups and

place it up here." After each S had ccmpIttid the set of

matrices, E accompan!;,ed hi m back to his claszioam.



RESULTS

Par all analyses of variance, responses on the first

half and responses on the second half of the 36 matrix items

were totaled separately. Thus there were two response mea-

sures for each S on each type of matrix, and the effect of

stage of practice could be assessed. The score of each S

on each type of matrix indecated the number of correct re-

sponses made on three matrices, providing a possible range

of scores from 0 to 3. Analyses of variance were used to

test for differences in number of matrices correct, for dif-

ferences in types of errors made on CP, CD, and PD matrices,

and for differences in latencies of responses. Pearson

product-moment correlation coefficients were computed using

CA, MA (when available), number of correct responses, and

latencies, The Duncan multiple range test was used to test

for significant differences Iletween means in all analyses.

Correct reseonses

As Figure 2 shows, correct performance increased as

16
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grade level increased. An overall analysis of variance,

summarised in Table it indicated significant main effects of

grade and type of matrix (p < .01) as well as a significant

interaction between grade and type of matrix (p.c. .05).

Differences between kindergarten (K) and the first (01),

second (02), and third (03) grades were significant beyond

the .001 level. Performances of 02 and 03 were not signifi-

cantly different.

ANALYSIS OF VARIANCE FOR CORRECT RESPONSES

Source

Grades (A)
Error
Practice (B)
A x B
Error
Matrices (C)
A x C
Error
B x C
AxBxe
Error

dr

3
76

3

76

5

15
380

5

15
380

MS
AIWINOMPLIMIWUIIIMMINNIIIMMIMOSOMIL

1?

68,168
1.425
.051
.101
.500

8.743
1.067
.620

*978
.585
.667

47,837**

. 1.000
1.000

14.101**
1.720*

1.466
1.000

*Indicates significance at the .05 level.

**Indicates significance at the .01 level.

The mean number of correct responses on three

exemplars of each type of matrix is presented graphically in
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Figure 3. Those matrices which did not differ significantly

in number of correct responses are tviaerscored by the same

line in Table 2. It is evident that there were significantly

more correct responses to CC matrices than there were to FP

matrices, and significantly more correct responses to FP

than to DI) matrices. Statistically significant differences

.were also obtained between CF and FP and CD and Pr; matricelL

TABLE 2

TRE SCAN MULTIPLE RANGE TEST OF DIFFERENCES

BSS M5 OP minims

CC(2.16) CF(2.07) CD(I.99) FF(1.82) PD(1.71) DD(1,54)

awiwygnIPPMIVAVANFRIIIMAIN.P041.10...402.0.0111...&7111.0

CmConcrete; Function l; VoDesignative. Al? nota-

tions not undetabored by the same line are significantly

dirt YZw 4ic .05).

The grade x type of matrix interaction is illustra-

ted in Figure 4, and Table 3 Indicates those differences be-

tween grades on each type (It 9atrix which were significant,

Quite clearly0 theca were no reversals of the developmental

trend toward it perflmance cm any of the matrices.

Duncan's test revealad elgnifIcant differences 110:ween per-

formance of K and 01, 2, emd 3 and tetween performance of

01 and 02 and 3 (I) 6,45) c 147!.u' t7ppn of matrIrs (PP, CF,
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TABLE 3

THE DUNCAN MULTIPLE RANCE TEST OF DIFFERENCES BETWEEN
GRADES ON EACH TYPE OP NATRTX

CC asatl 02

CA

FP

DD

x(1.251 2116221 9121291..../
KiLatil 041421

9.2.(Lail. a3(2,52).

tiali. a .-LAU G2S2281 G3(1:191

MAU E1 I. 92(2445) crilLia

n.i.a.ag........IL°111 G2(I068) 03(1.'N)
C.INDOMINNOMMISMONWeEMPAM11~201110. 16101101.6.01mMIWASINiesINI

CuConcreteI PoPunctional; DaDesignative, All nota-tions not underscored by the sant line are significantly dif-ferent (p 005).

CD, and FD) Howsver, on the CC matrices, which may be

called easiest by virtue of having elicited the largest num-

ber of correct responses, the performance of K and G1 was

not significantly different, On the DD matrices, which

elicited the smallest number of correct responses and may

therefore be termed most difficult, no two successive grade

levels were significantly different, Grades separated by

one grade did differ significantly (p dc .015)t Table 4 pre-

senta these same data in a different way. Here is shown,

the increasing number of types of matrices on which per-

formance was not slgnificantly ell_frerent from performance on
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CC matrices. Par K, performance on CC matrices was signifi-

catly better than performance on the other five types of

matrices. As grade level incroasts sore types of matrices

showed performance similar to that co CC matrices. By GL

children perform- equally well on all matrices except DD,

on which they eshibitid the poc-fest performance,

T211..of errors

Separate analyses were porformed on the frequency

with which certain kinds of 4rrwa occurred for the three

types of natrices requiring co .ration of two types of con-

cepts (CF, CD, and PD). The errors are designated by the

types of attributes they have in ion with either the row

or the coluun. That is, an error Ilvolving choice of a

picture having the same function es the row or column is

called a functional error, the inco::)ect picture perceptu-

ally similar to the row or column is .81.11ed a concrete

error, and the incorrect picture suhevAed under the same

class name as a group of three pie.htren is termed a 1,esigna-

tive error.

Corparisons between ,;oncrete and !..Inclonal ccn-

crete and designative, ar.:i functlorml and lesi7rotiv? errors

were made on CF, CD, arid FD matrices, r21nptvely, The

main effect of grad-.s was signtfIcant in al/ three types of
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matrices (p*,c 000. However, the grade x type of error

interaction was significant only for C? (p .05) and PD

mft-0,4^,se (v, tivw; meolv% Alista,es* eve ttemas avepinv, wfte
b.sLw,41. ke nwn.ft. vA.A%ra. WU&KW

significant only for FD matrices (p4c, .01),

The results of an analysis of variance of errors

made on C matrtcos are sumarized in Table 5. The main

TABLE 5

ANALYSIS OF MIME FOR ERRORS MADE ON CONCRETE
FUNCTIONkla KATRICES

Source 'dr

wzrierrwma,..rfaawewa-ra1/43e

Grades (A)

177A:tce 0)
A 7.

Error
Type of ermr
A C
Error
3 x` C

ABzC
Error

3
76
I

3

1

3

MS F

vairmswinemeboarmom.=eparomil0041ammiraMvonaem4limmemeerMileaudostorldeeirmireerwriam

24.271114

2.015

3,203
m6,11

-10000
1.330

aindicalw eLgylificm-a at the .05 level,

*41'nd/eaten signtrIcsnce at tnt 7n1 1eveI.

effect of grVItsbtl rues olvtr/t!snt* anf,1 the grade x type of

error interaction was s17,nanta Pigure 5 compares

the mean number of errors made by c.1ng eltbsr the

functional or the concrete picture 113tead of the pt t'n'e
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combining both eoncepts Altht:tAgh the frequency of both

typec of errors decraaaed with inevaazing Grade levels the

concrete errors dropped out more rapidly than the functUonal

errors. More cowate than functional pictures were chosen

by K, but in 01 the trend had rtversedo The functivnal pic-

ture was chosen significantly more often than the cqncrete

picture by 02 (p <45). However, the types of orrors made

by 03 were not significantly different,

No significant efftots other than the main effect

of grade were revealed in an analysis of variance of errors

made on CD matrices, but Figure 6 does illustrate an inter-

esting finding, The number of designative errors exceeded

the number'of concrete errors in 01, 2, and 3, although the

differences between the two types of errors were not signifi-

cant. The percentagg of designative errors increased from

50% in X to 79% in G3.

The analysis of variance of errors made on FD ma-

'trices summarized in Table 6, yielded significant main ef-

fects of grade and type of error and a significant grade x

type of error interaction (plc 001). E'en errors were made,

functional pictures were chosen an average of .78 tines on

three exemplars and pictures belonging to the common class

were chosen an average of 051 times. The mean number of
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Pig, 6. Mean number of oontiete and designative
errors made on three exemplars of 0D. matriaaa*
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functA4nal- and desi gnative trroro are graphed in Pigo,re 7,

ne number or functional pictures 4thomen by ( and (12 was

significantly Larger than the number of deftionative p4etum.s

chosen (p ,i05)&

TABLE 6

ANALYSIS OP VARIANC3 FOR ERRORS MADE ON FUNCTIONAL
X DESIGNATIVE MATRICES

Source

Grades (A)
Error.
Practice (B)
A x
error
Typf-> of error (C)
A x C
Error
8 x C

Error

MS

.0......sellimmommilmmagamMOWNWOUWAMMuomUmeliCAMEILIMMUSWOOOMIUMAIMMOVAIWOGOINIWWWWWWWWWW

6.636
53

.703
01.1:4
.330

5418
2.561
.549

.153

.236

.649

14.649**

2.130
1.421

10,5'4**
1446614**

1.000
1.000

tIndicates 2ignificance at the .01 level.

Latencies

Table 7 rummarisma th analysis of variance of the

laty measuren taken for each S on each matrix. The main

ef:ect of grE:1? was significtu n and the EvIrrage latermy for

three matrice.z3 it depIctel gracally i s PiTare 8.

Multiple com?aricong3 tiree,1-.11tn ni 1P17r-71 s4oTnfi.

cantly longer than either X c.r ,!-ci <X5).
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TABLE 7

ANALYSIS Of VA RtANCF POR LATENCIES

dt

Grades (A)
Error
Practice (8)
A x B
Error
Matrices (C)
A x C
Error
B x C
AxBxe
Error

3

76
1

3 -

76
5

15
380

c

15
330

133310476
3347.853
4864.501

509.737
620.178

1399.683
277.038
10.543
4050258
291.671
175.931

e*.aresmuswelillmiltstawillsCatimlitaLV_VCIII=GallealWALASIWZOZYWNICsaMusallit

3.982*

11:::30"

7.625**
1.509

2.303*
1.657

Itindiclates significance at the 405 level.

**Indicates eignificmnes at the .01 level.

Latencies of 02 wore elgnifimintly greeter than those of K

(p <45)2 although 02 and G3 lettncies were not signifi-

cantly different. Type of mittrix a/eo significantly ef-

fected the latency measures. Differences in latency of

response to each type of matrix are she vn in Figure 9.

Comparisons between means indicated latencier to PD and DI)

matrices did not significaltly differ3 but both types of

matrices required eignifIcnntly lonrer r16ponse times than

the remaining four typlm of tactricem (p 4:105), The differ-

ence between latency of romponce on the first and second

stages of practice was significant beyond the .01 level,
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The average uumbtifs of seconds required for response to three

matricca agtcPcaded from a mean of 30.5 seconds on the first

half or the matrices to a mean of 26.0 seconds on the second

half.

The significant practice x type of matrix inter.

action is illustrated graphically in Figure 10. The latency

decreases for CC; CD, and PD matrices were significant

(p < .05), bat the decreases in latency for the other three

types of matrices were not significant.

Correlations between measures

The Pearson 'product-mcment correlation coefficient

computed between CA and.numbor of correct responses summed

over type of matrix and stage of practice was significant

beyond the can level. This correlation of .794 indicated

that as CA increased, total number of correct responses in-

creaseda Mental ages were available only for the third

graders. f correlation between MA and number of correct

responses proved to be significant beyond the .05 level

(r = .391), although the correlation between CA and number

of correct resyrro_d was not signlftcant (r ge .05) when only

third-grade scores were emnlnyed.

The Pearem% proftt-moment correlation coefficient

was also computed betwettn CA and latency. When K was
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included, the carrelatidit was not significant (r .01), but

the ncgatiis zowriaation between CA and latency, excluding

Ki waa sigaifliuint beyond the .005 level (r a -.34). The

negative correlotion between number of correct responses and

latency, including Ks was also significant beyond the .005

level (r w ,,80), although the correlation was not signifi-

cant when K was included (r .01).
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DISCUSSION

The striking developmental changes in pLtrformance,

indicated by both the differences between grades and ihe

significant correlation between CA and performance, repli-

cate the results of other studies of multiple classifica-

tion (Kofsky, 1966; Lovell, Mitchell, & Everett, 1962;

Reichard, Schneider, & Rapaport, 1944). Kindergarten chil-

dren, first, second, and third graders performed correctly

on 41%, 57%, 74%, and 79% of the matrices, respectively.

This increase between six and nine years of age in ability

to combine the relevant attributes of two *lasses lends sup-

port to Fiagetts placement of the acquisition of Rbi-unlvocal

multipl.tcation of classes" at the level -of concrete opera -

tions, years seven to sleven-(Plavella 1963);

The influence of type of matrix on performance both

Indirectly supports and exteridivatidtes of-object-sorting

behavior and-provid* evidence-for the,theoretical positIons

concerned with changing imam of elassificationc ObjeA

sori;ing tanks have cor_sisten;ly shown groupings !mod on

37



perceptual or concrete attributes of objects to be most com-

mon at siz years of age. From age six there is a steady in-

crease in the number of groups based on common function,

with peak use of functional concepts occurring around eight

or nine years of ages Use of more abstract concepts in-

creases steadily with age and years of education. Because

children at age six use perceptual attributes for determin.

ing equivalences all children included in the sample would

supposedly be familiar with this type of equivalence. Pune-

ptttributen would most likely be used in classifica-

-_;-----

tio-flvy the (Aider half of the sample. Although designative

corc.;epts are being used more often by older children, their

use of this type of concept has probably not yet reached

asymptote. Thus it would be expected that most children

would be able to identify a common perceptual attribute of

several objects, fewer would be likely to identify correctly

a common function, and even fewer children would be likely

to note a generic class name which provides equivalence.

In accordance with this expectations performance was sig-

nificantly better on CC matrices than on PP or DD matrices,

and performance on PP matrices was significantly better than

that on AD matrices.

The differences in performance on the different
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types of matrices vitalin grades support this interpretation

of the effect of type of matrix. The performance of K was

better on CC matrices than on all other types of matrices.

The performance of Gl on CP and CD matrices was not signifi-

cantly different frost their performance on CC matrices. al-

though they did handle CC matrices significantly bettek than

FFs PD, and DD raatriceg. Only PD and DD matrices elicited

more errors than CC matrices in 02, and 03 performed equally

well on all but the DD laatricso

Two notable Was nay be drawn free. the grade type

of matrix interaction* nret the performance in this

structured matrix /Ask peraiieled performance found in

objectesorting studies and reflected the olassification

schemes which are typically found at different ages. Kinder-

garten children performad.better on CO matrices than any

others, Go acmiesee fenetIonal ettelbetes as readily as con-

crete attributes, and 03 performed equally well on all ma-

trices except DD* Thus the ability to combine concrete

concepts appeared ;'fist and was followed by the ability to

combine functional concepts, mith the ability to combine

designative attritetes appearing last.

Seconds the finding that children can combine cere

tain concepts and not others at particular ages supports, in
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general Piaget'o conention of the 1)7,enomenon oi "novl-

zontal decala&," Horizontal decalage reters to the ability

of children to perform u.wtain operations on eome materials

before they can m othrs. For example& the conservation

of quantity stud-1041z showing conservation of matter appear-

ing first& then conaervation of weights ands lasts conserva-

tion of volumes Illustrate this developmental trend (Flavel/

1963). In thls mitiple classification task children as

you as eiz years of age (Pwere able to combine concrete

conceptss but only at eight years of age (02) were func-

tional attributes combined as aocurate1y, Although nine-

year-olds (G3) were able to combine functional and designa-

tive concepts, they were not yet capable of combining two

designative concepts as accurately as two functional or

two concrete concepts. Howeverl this explanation is con-

founded by the first point consideredthat of different

schemes of classification and different ability to identify

common attributes at various ages, Unless children recog-

nize a common attribute) they are certainly not going to be

able to combine it with another common' atcribute, The find-

ing that in the 02 and 03sOD natricea elicited more errors

than CD and PD matriceso which also require identification

of designative concepts, seems to indicate that the
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combination and not the identification nay be the determin-

ing factor here* A akItLaism of this argument is apparent

however rtw the tuuwtpts to b ideuSitied may bv mom dif-

ficult in the Dra setrioes than in the CD or VD matrices.

Th GnAlysls off' the per a *ach grade on

each typu cg matrix showed that 7 and 01 oboae significantly

fewer oorrect responses than G2 and (3 on all matricez ex-

cept DD0 on %Mich 01 and 02 did not dlfrove These differ-

ences may 3t from the inabilltF of g and 01 to categorize

objects on two dintnsiont; as readily as oldvr children, Ac-

cording to Plavits ateven-year-olde are at the lower end of

the age range of chilartn are empable of multiplication

of classess and six-year-molds halm not yet entered the period

of concrete operatIon* (Plavel1,1 1963). An interpretation

of the low per enter cf corrollt re*poium the short la-

tency of response and the zpontaneous verbalisations of

kindergarten children may aid in understanding their per

Their responses seemed to be determined by rathez-

idlosyncratit: tendencies whenever relevant attributes could

net readily be identified and combined, Typical comments

were "1 just want it to be a dog" and "Jeff and Dan like

Snoopy." Them,qtiv, connections between two and amorg all

pictures were common: The dig, !sa chasing the kitten" and
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"They're all going uptown." Overgenerallsed categories wecl

also verbalizeds such gs "Vba can measure all of them" and

"They're all animalee6 Ibis inability of six-year-olds to

conzider correctly two class attributes simultaneously repli-

cates the findings of other investigators (Lovell, Mitchell,

& Everette 1962; Reichard, Schneider, & Rapaport, 1944) .

The difficulty of young children in simply identifying a

common attribute of a group of objects has also been noted.

Charlesworth (1968) asked kindergarten children to select an

object to go with two other objects which were alike in some

way. Only a small percentage of the children were able to

choose the correct object. However, Goldman and Levine

(1963) found common attributes were Identified by kinder-

garten children. These attributes were mainly concrete or

situational, though, and 60% of the children could not

change their view of the common attribute when the group of

stimuli was altered.

The significant grade x type of error interaction

obtained in the analysis of errore made on concrete x func-

tional matrices provided some confirmation of the expecta-

tion that certain "dominant" cues would be chosen more fre-

quently than other cues. The term "dominant" cue refers to

that attribute of a row or column in the matrix which is
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most representative of the child's preferred mode of cate-

gorization. Kindergarten children, who are closely tied to

the surface attributes of objects, chose pictures equivalent

to the relevant concrete concept sore often than those

equivalent to the common functional ooncept but the differ.

ence was not significant. Uightly more functional than con-

crete pictures were chosen :Lm 01, and in 02 significantly

more functional than concrete pictures, were chosen when er-

rors were made. In object-muting tasks, eight- year -olds

show asymptotic prefere6ce for functional concepts, and thus

it appears that the preerred attribute is chosen more often

when errors are made. In 03 the difference between types of

errors is no longer tIgnificant.

Although thrre were no significant main effects or

interactions in tbl malysis of errors made on concrete x

designative matrices) there was a slight increase with age

in percentage of detlgnative errors, Kindergarten children

made 50% des),gnativy errorso first graders 57%, second

graders 64!.40 and th;.rd graders 79%. The steady increase in

perce&age of desigrAtive errors seems to parallel the in-

cy,.tased use of desiwative concepts with age found in

object-sorting stud le30 Thus, as designative concepts be.

came "preferred," the per ventage of designative pictures
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chosen when errors were made increased.

The analysis of errors made on functional x design

tive matal.cee mhowed that I end G2 abase functional pictures

eigniacantly ikore often than deessattive pictures. The

graater use of nnetioral than designative attributes by

K is not explemOale by reftronce to onixtlng eapirical

findings or to ti; ;s previous interpretation of the perform-

ance of K. 11Nu1ing the child to imlain. his responses

would aid in.eeteminIng why this elTect o*curred, The sig-

aficantly 4reatea,' use or functional than fical ,ative con-

4epts in a may be explained by the eight-year-olds, pre-

ferred fcgactional mcde of imposing eQuivalence. By the time

ciidren have reached C43 designative contepts are being

used wwe frequentiy5 as suggested by the performance on the

CD matricvs and as feud in object-aorting tasksz fewer

errors were made on Fri matvicasit and there was no difference

In the types of erraml made

Tho signifiQaAtly shorter response times on the

sncond halt of the matrices3 with no signifizant change in

performame, seem to indicate that with practice children

acquired more efticient problom-solving techniques Several

chilclren made comments after having correctly solved quite a

27,:zz! nowp" which support this
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interpretation, However, the existing literature offerb no

suggestic;nz comeining the eseson 'AI* decrease in latency

was sianifieant =r =fir 00, CD, and VD mstrices. The rela-

tively short response tines of the kindergarten children and

yet their noar.mohancs level of performance on all types 'If

matrices except 00 seen to support the interpretation of

their approach given previously* Prom 01 to 03, mean la-

tency decreased while wan number of *orrimt responses in-

crease& 41though thersimat much varlsbility In latency

within each grades It appears.that overall, eta chilGren de-

velop the ability to solve the matrices correctly, the time

required for response decreases, Deed: when kindergarten

was not considered, the negative correlation between chrono-

logical age and latency was significant. The significant

negative correlation between number of correct responses and

latenell for Oradea la 2a and 3a as well as the relatively

long latencies for DI and DD matricesa support the sugges-

tion that the more difficult the matrioesp the longer the

latency or responses,

The signiricant correlation between MA and per.

formance in 03 supports the fIndinge of other inventigators

who have shown a relationship between classification skills

'and scores of verbal abilityo Silverstein and Mohan (3965),
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using factor-analytic techniques.: found "pastave" object.

sorting: the id4atincation of the common attribute of a

group of objet and IQ scores to be related. Both

Charlesworth ( 1968) and Lee (1965) found si gnificant eorre.

latione batman' measures of verbal ability and performance

on classification tasks* Ctarlesworth ( 196) found a corre-

lation of .41 (p A, O1) ,betueer Peabody Picture Vocabulary

Test scores and Nature' sorting principles., and Lee (1965)

found the correlation between Knot vocabulary scores and

total number of error* on his classification task to be

-.38 (p <005).

This investigation sweats certain important

methodological improvements and Abu's; illuminates several

theoretical issues which ara amenable to further experimental

study to the eve& of multiple claszification. Methodologi-

cal improvements inelqler (1) developing matrix concepts

Iconcrete ranctionfel, and deBigrttive) that vary in level

of conceptual diffIculty frlm very easy ',;o very complex,

(2) developng matrix awe that vary in stimulus properties

from the crimbalIcz rezmwentatIve materiale (e.g./4 line

drawings) to the concrete (4:&" reel, three-dimen3ional

objects), and (3) varyinc amnurl; and Icf:Ald of inztruction

(demonstration) given to S prior to the task. Theoretical
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and empirical issues may be clarified by (1) isolating the

Averequisite skills necessary to solve the matrices, (2) de-

veloping a training program to teach these skills through

proper sequencing of materials and instructions, (3) de-

termining the relationship between the ability to identify

and the ability to:combine attributes of groups of objects,

and (4) assessing the performance differences of various

populations and the interactions of types of matrix in-

structions or training; programa, and population of Ss.

Xt seems obvious that both the instructions and the

materials employed affect performance on the task. Although

after the brilDf tralning preoedmre, the children seemed to

understand the tasko different initial training procedures

might have protuced difforent results. The stimulus proper-

ties of the m.trice* sae* determine performance to a great

extent. Birth and Bortraest (1966) have pointed out the in-

fluence of competing stimuli on identification of coon

attributesp and competing stimuli titre definitely present

in this task. The fact that pictures9 representative ma-

teriala,were used might also have had an effect* Sigel and

Olmsted (196t) have shown that the use of pictures rather

than actual objects sIgnificantly lowers the performance of

lower class children on claasitication tasks, and Olver and
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Hornsby (1966) have noted t differences in equivalence

fc....mations when pictures and verbal-materials nre used,

umpia**eneeit,_1 a/v*4n th* twelemtanam of determining the effects

of different training procedure* and-different stimuli,

Resnick (1968) has emphasized the need to analyze in

more detail the behaviors involved in solution of matrix

problemso in development of an early learning curriculum,

she his used the technique of component analysis to generate

a hierarchy of prerequisite skills necessary for matrix so-

lution. For example9 before the common attributes of a row

or a column can be agitated, eleild must have mastered the

following prertnulaite skills, which are listed in order

of increasing dIffieulty: (lYmatch ob4ects in an array,

(2) identify a namtd objeiits (3) name objects in an array,

(4) scan a group without irmlevant attributez and state the

commonality, (5) *wan a group with irrelevant attributes and

state the commonality3 (6) state that the identity cell de

fines the row or columt and (7) state the defining attri-

butes for the rot/ or column. The sequencing of these

skillet based on the logical technique of component analysist

needs to be empirically valichte$A. The implications of this

step-by-step approach for education are extremely important.

Resnick has pointed to the varioty of information which may
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be efficiently organised in a matrix fashion., and a knowl

edge of th' skills required for matrix organisation accord-

ing to two or more dimensions would be an extremely valuable

twit, Thus empirixtml evidence concernling the hierarchy and

relatiorahipe of p@requisite skills mould ocutribute not

to clarifying theoreticat position; but also to de-

velopt's teaching methods and curricula for organisation

Also imptctant for tots theory cud an evtension of

cpirical data are further inveetigationm of the relationship

;etwiren the abilitir to correct4 identify the 04eMitn attri-

mtes of groupings and the ability to combine these Attri-

butes0 Although many studies (Goldman I Loving; 103,

Olver & Fornsby, 1966) have in organizational changel

parallel:lug changes in the types of attributes.used for

groupinatthis relationship specifically has not been invekti-

gated, nor has the interactions between the various types

of representation. .

In summary, the matrix format provides a profitable

technique for further research on multiple classification

ax yd modes of representation. Given certain methodological

Improvements, the next phase of this research program

should isolate the prerequisite &Ills, determine the
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relationship between the ability to identify aad the ability

to combine common attributes of gronps, and develop a train-

ing program in multiple classification following the prin-

ciples of programmed instruction. Tile systematic approach

will contribute to tea existing body &f empirical data, aid

in theory building, and more importanay, ultimately flun-

tribute significantly to education,



Attribute

Striped
Barbers pole
Flag
Shirt

Striped
Barbers pole
Flag
Shirt

Candy
Sucker
Candy bey
Lifesavers

Polka dot
Polka dot cat
Polka dot zkirt

Polka dot se.: 11t

Leaf
Blue leaf
Red leaf
Brown leaf

APFENDIX

SATRICES Al' CHOICES

Attribute

Practice Matrices

Decorate at Christmag
Tree
Ornament
Christmas tree
lights

Candy
Sucker
Candy bar
Lifesavera

Decorate at Christmas
Tree
Ornmeht
Christmas tree
lights

Concrete x Concrete

Aso
Striped dress
krint dress

Solid color dross

Green
Green
print

Glven

ball
eap
*ar
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Choices

Candy cane
Striped bedspread
Wreath

Candy cane
Striped bedspread
Box of chocolates

Candy, cane
Box of chocolates
Wreath

Polka dot d-ess
Polka dot gloves
Or with lace

Green leaf
Yellou leaf
Gmen house



Attribute

Brush
Hair brush

Shoe brush
Tnoth hramh

Roe rd

altq:e

Ora nee

Record

Brock ohimney
Brick houfw
Brick barbecue

Red
Red book
11;sti chair

Red to gar

Make music
Bugle

Record player

Piano

Cut
Butcher knife
Machete
Scissors

Heat
Radiator
Pot bellied
stove

Oven

Hold garbage
Walqtebasket
Kitchen trash
can
Garbage can
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Attribute

Long ana Narrow
Pexv;i2

Walkit4 lane
jArit

Vitvy lines
Dress
Mr!
Paokage

Rectangular
Shoe box
B.Affet

Triangala
Tespell

Christmas tree
V3lcuno

Functional x Functional

fit
Hammer and nails
Tn!Als racket and
ball

Tar hammer set

Take care of yard
licJe

Sprinldiag

Light
Lightbulb
iflachlight

Streetlight

Carry things
. Buyele with basket
Sell truck

Camel xstil chair

Choices

Artist's paint

Clothes orwah
YmkrAet4ck

Lined beachball
Record
Malt

part of brick wall
wan,- of bricks
Suitcase

Red party hat
Red dress
Sailboat

Drum
Fiddle

Baseball and bat

Lawn mower
Table knife
Water hose

Campfire
Iron

Fluorescent light

Garbage truck
Outdoor garbage
can

Pony arts cart



Attribute

Look through
Binoculars
Window
Microscope

Listen to
Man with
megaphone
Radio
Stereo

Toy
Jump rope
Ball and Jacks
Toy train

Elements of na..
ture
Sun
Snow
Wind

Desserts
Slice of cake
Dish of ice
cream
Pudding

Cartoon characie.
tern
Yogi bear
Cartoon bird
Mickey Mouse

Cats
Leopard
Panther
Lion

Old
Old man with
cane
Tattered dross
Old wom sofa
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Attribute

Wear
Dress
Hat
Moves

Watch (look at)
Painting

Snapshot album
Picture book

TiejLiwatimLDeni....haL.s.uttive,

Animal
Pig
Cow
Dog

Water

Sprinkler
Pond
Bathtub with water

Fruits.
Pear
Banana

Half grapefruit

Water animals

Fish
Seal
Frog on lily pad

.4

Pieta
Rabbit
Parakeet
Ooldfish

Buildings
School

Capital
Church

Choices

Eyeglasses
Magnifying glass
Shirt

Television

Transistor radio
Newspaper

Rocking horse
Ball and bat
Cat

Rain
Lightning
Faucet with water

Slice of apple pie
Cookies

Pineapple

Donald Duck
Snoopy
Alligator

Domestic cat
Tiger
Puny

Old house

Old beaten-up car
New home



Attribute

Rolm/
tiischball
41obe
Clock

Long end narrow
Rifle
Ruler
Walking cam

Hats
Beret
Straw hat
Top at
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Attribut

ealediAjtillatela

Rat
Rot dog
COit

crs*A

Cleaning
Dtnit pan

,3*
Vs.shIng machine

Keep warm
03.wapp.r..

Flairr ci oat

Fireplece

Choices

Apple
Beachball
Sandwich

Broom
Bakt

Eldey water

Cap and ear muffs
Plowered hau
Fur-lined boots

Brush .Paint
Artist's brush Itep ladder Paint brush
TootWorush Bucket (1.1 paint Esir onkst
Bottle brush 11,0:acr eriasP. end Man In coveralls

pan

Yellow
Banana
DaMdil
Baby cllick

Red
Red car
Red book
Red dress

Sitting
Child on swing
Boy on grass
Boy in boat

Round
Beachball
Baseball
Globe

Stop
Atop sign
Pclic2man
Barrioode

remdiuLibutUPAtimt

hirniture
Table
Bed
Dresser

Fruit
Pineapple
Banana
Peer

4Aktier-%tipeNt4".r.,

Sr4hool bus
Pftmiellcn

Vbain

Red light
RO flower
Dead end

Han on sofa
Child on bike
Chair

Orange
Eowling ball
Watermelon
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Attribute Att.vivite Choices

Shall Animal
1 finds._ grilkk* Surle
of Squirrel mouse
shells Another ohell

Ye):Iow Pioung

Chel7 %IVY `;nick

:ar Pockethook
Jack-r-the-ocr. f;hick Kittcn

Green Vegetables
Grass Tomatoes Lettuce
Branch corn Irf,:n car
,:.11ilrald ring Carr%ns halls. ei5

Shaped Musics, instruments

r;raU=Ilipop EfIrlo

Tticket Jwitar Hand mirror
Lamp harp Drum

Yunet1"11.x DIAMEOle

Elec;I:rfe 'i ha: r

appliances
Electric mixer Brush Hair dryer
Record player ewlsb Iron
Toatter Cuzlers Wig

Tools Cut
Pliers Soissors Paw
Hammer Lawn mower screwdriver
Brace and bit Axe Dinner knife

Toys Fly
_

T7i.13 Airplane Kite
Model train Helicopter Doll
Blocks rlying bird Jet

Weapons For eating
BcA and arrow PorA: &life
RLfle `peer
Sword Rattle Cup and saucer



Attribute

Furniture
Chair
Table
Bookshelves

Jewelry
Ring
EP-z. ringa

Chart bracelet

Attribute Choices

Store things
Be=
Trunk
Clot

Wear around neck
Bow tie
lied "lack ntlarf

Cone=

Chest Vrdrawers
Soft
JeWelry box

Necklace
Jeweled pin
Mn tie
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